1969.-The metabolism of glucose, lactate, and P-hydroxybutyrate was studied in rat brain slices by following the incorporation of 14C into COz, total lipids, fatty acids, and glycogen singly or in the presence of other unlabeled substrate. Glucose-14C incorporation into COZ, lipids, and glycogen was proportional to glucose concentration in the incubation medium; however, the concentration needed for saturation of these three pathways differed. The activity of the direct oxidative shunt was negligible. Lactate and P-hydroxybutyrate carbon were both incorporated into total lipid and fatty acid proportional to their concentration. In contrast to glucose, neither lactate nor fl-hydroxybutyrate carbon was incorporated into glycogen. However, the addition of glucose to the medium induced a significant incorporation of lactate carbon into glycogen. Addition of lactate or @-hydroxybutyrate inhibited the incorporation of glucose carbon into CO 2, total lipid, and fatty acid, but stimulated its incorporation into glycogen. Both glucose and lactate markedly enhanced the metabolism of P-hydroxybutyrate to CO2 and lipid, suggesting a permissive action of glucose on P-hydroxybutyrate utilization.
carbon dioxide; brain lipid; brain glycogen; hexose monophosphate pathway IT (Fig. 1) . For each experiment, a total of 36 brain slices from six rats was distributed and transferred into each of six 35-ml incubation bottles (42)) each containing 2 ml of medium.
They were then gassed for 5 min with 95 % 025 % CO2 and shaken in a Dubnoff metabolic incubator for 2 hr at 37 C at 72 cycles/min.
At the end of incubation, 0.2 ml of 10 N HnSO4 was added through the rubber stopper using a syringe.
The metabolic products measured were 14C02, total lipid-14C, fatty acid-14C, and glycogenJ4C. Carbon dioxide was collected in 0. Fig. 2 where wet and dry weights are compared in a control series. The dry weight was approximately 11 % of the wet weight.
RESULTS

Metabolism of Glucose
Efect of variable concentrations of glucose on incorporation of randomly labeled glucose J4C into CO 2, total lipid, and glycogen. and carbon 6 = C-6. Glucose concentration in medium was 75 and 300 mg/lOO ml (4.17 and 16.7 mM). Columns and bars represent means zt SE; number of experiments is given under each column. Values are expressed as mE.rmoles of labeled carbon atom of glucose per 100 mg wet tissue incorporated into COz, total lipid, and glycogen during 2-hr incubation. 
Values are expressed as millimicromoles glucose -14C per 100 mg wet tissue incorporated into COZ, total lipid, fatty acid, and glycogen during 2-hr incubation;
means & SE, with number of experiments given in parentheses. Significance of differences from control incubation with glucose alone is expressed according to probabilities: * P < 0.05, t P < 0.01; $ P < 0.001. Table 5 , the oxidation to CO2 of both carbon atoms of lactate was suppressed by the addition of P-hydroxybutyrate proportional to its concentration. The incorporation of lactate-2-14C into fatty acids was also suppressed in the presence of P-hydroxybutyrate. However, the change in incorporation into total lipid of lactate-2J4C was not significant whereas that of lactate-1J4C was increased significantly (P < 0.01) with 16.7 mM P-hydroxybutyrate.
No appreciable incorporation of carboxyl carbon Values are expressed as mpmoles of /3-hydroxybutyrate-3J4C per 100 mg wet tissue incorporated into CO 2, total lipid, and glycogen during 2-hr incubation.
of lactate into fatty acid was observed.
The incorporation of either lactate carbon into glycogen was extremely small in the presence or absence of @-hydroxybutyrate.
Metabolism of P-Hydroxybutyrate
Metabolism of variable concentrations of /3-hydroxybutyrate-3-14C into COZ, total li'id, and glycogen with or without the addition of glucose. The concentration of P-hydroxybutyrate ranged from 1.04 to 33.3 mM, and that of added glucose was 8.33
IIIM. Figure 6 depicts the data of six experiments in which According to the in vitro study of Villee and Loring (55) using slices from human fetal brain, the direct oxidative pathway was inactive in cortical slices but present in those from medulla.
Our preparation lacks medullary tissue and this might explain some of the discrepancy. On the other hand, the presence of the enzymes of the direct oxidative pathway in cerebral tissue has been reported (8, 9, 18, 19, 40) b u in low activity.
Therefore, it is possible t that this pathway is operative, however, our results would indicate that it is quantitatively negligible and that most glycolysis takes place through the Embden-Meyerhof pathway.
A4etabohm
of Lactate and Its Relationshz$ to Glucose Metabolism It is known that brain can oxidize lactate in vitro in the absence of glucose (11, 24, 33). As shown in Fig. 5 , the oxidation and the incorporation of lactate carbon into total lipid increased with increasing concentrations of lactate in the incubation medium, however the physiological range of lactate in blood is near the lowest level of this experiment. As the direct oxidative pathway is negligible in our preparation, the rate of oxidation of lactate-l-14C can be compared with that of glucose-3 ,4J4C.
In the data of Fig. 4 Table  3 , i.e., the reduction of la beled glucose incorporation into CO2 a nd fatty acid, and the a ugmen ta tion of the incorporation into glycogen in the presence of added lactate or P-hydroxybutyrate. 
